Phase behavior and microstructure formation of rod and coil molecules, which can associate to form hairy-rod polymeric supramolecules, are addressed theoretically. Association induces considerable compatibility enhancement between the rod and coil molecules and various microscopically ordered structures can appear in the compatibility region. The equilibria between microphase-separated states, the coil-rich isotropic liquid and the rod-rich nematic are discussed in detail. In the regime where hairy-rod supramolecules with a high grafting density appear as a result of the association, three phase diagram types are possible depending on the value of the association energy. In the low grafting density regime only the lamellar microstructure is proven to be stable.
Introduction
Hairy-rod polymers [1] [2] [3] consist of a stiff macromolecular backbone with a large number of flexible side chains. Due to these side chains hairy-rod polymers often exhibit sufficient solubility in common organic solvents and exhibit melting points below temperatures where thermal decomposition prevails [1, 2] . This allows melt and solution processibility of otherwise nearly intractable rigid-rod polymers. They received a lot of attention, in particular in the context of electrical conductivity (see Ref. [4] and references therein) since there the backbones consist of conjugated rigid polymers.
As other block copolymers, hairy-rod polymers tend to self-organize and form microphase-separated structures. For long enough side chains one enters the regime of selforganization, where the tail part of the side chains and the backbones microphase-separate [5, 1, 6, 7, 3, 8] . A literature survey showed that experimentally, usually involving side chains of a length in the order of 10-15 carbon-carbon bonds, the self-organization observed is mainly in the form of lamellar structures. In order to explain this, we recently presented a theoretical analysis of structure formation in melts of hairy-rod polymers [9] . We showed that three a e-mail: G.ten.brinke@chem.rug.nl different microphases are possible: one lamellar and two hexagonal. If the side chains are long enough for the elastic stretching free energy of the side chains to completely dominate the repulsive interaction between the backbone and the side chains, hexagonally ordered domains of hairyrod cylindrical brushes are formed. The lamellar state is found to be stable for shorter side chains and occupies an important part of the phase diagram. In the intermediate side chain length regime a hexagonally ordered structure appears characterized by cylindrical micelles with an elongated core cross-section and containing several hairy-rod polymers.
Self-organization is an example of how nanoscale structures can be formed if different repulsive chemical groups are chemically connected to the same molecules as in the case of the hairy-rod comb copolymers. By contrast, in supramolecular chemistry linking occurs via functional groups that are mutually connected by molecularly matching physical interactions, such as hydrogen bonding, π-stacking, charge transfer, steric match, interpenetrating ring-like structures, etc. [10, 11] . Using molecular recognition highly specific complexes called supramolecules can be built, which, in turn, are able to form a hierarchy of structures. Self-organization and supramolecular concepts can naturally be combined to allow structuring [12] [13] [14] [15] .
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The European Physical Journal E The possibility of obtaining comb copolymer structures via the supramolecular route, using physical matching interactions, such as ionic, coordination or hydrogen bonding, has attracted a lot of attention lately. Most systems studied involve flexible polymers. However, since the synthesis is so simple, i.e. common precipitation in water for polyelectrolyte-surfactant complexes [16, 17, 13] or solvent casting from a common solvent in the case of hydrogen bonding [18] , the natural question arises whether hairy-rod polymers can be prepared via a similar supramolecular route, i.e. can hairy-rod molecules be synthesized by simply connecting side chains by "recognizing" driven physical bonds? In the case of rigid-rod polymers, the drastically reduced solubility is a most complicating factor. Still a characteristic example, where this concept works, has been constructed recently involving the rodlike poly(2,5-pyridinediyl) (PPY) [19] . This study demonstrates that it is possible to form processable supramolecular hairy-rod polymer systems. Furthermore, the selforganization due to microphase separation between the backbone and the side chains (of moderate length) has been found to be in the form of a layered structure. In some cases macrophase separation was observed as well. It is the objective of this work to address the phase equilibrium properties of mixtures of rodlike polymers and coillike chain molecules that are capable of forming hairy-rod supramolecules where the flexible side chains are attached by thermoreversible bonds to the stiff backbone.
The model
We consider a melt consisting of rigid rods of length L and diameter d (L d) and flexible coils consisting of N beads of volume ν and statistical segment length a. The ideal coil size is R c = a √ N , L R c . We will assume that each rod contains M associating groups (the average distance between two successive groups is b = L/M ) which can form bonds with the associating end of the coil (Fig. 1(a) ). It is assumed that each coil has only one associating end. The energy of association between rod and coil equals − . The concentration of rods in the melt is c and their volume fraction is f = (π/4)Ld 2 c.
The interaction between rods and coils can be introduced in the following way [9] . It is well known that rods and polymer coils in the molten state are practically incompatible and separate into a nematic phase consisting of rods and an isotropic phase consisting of the flexible polymer [20, 21] . The interface between the nematic and isotropic phase ( Fig. 1(b) ), is assumed to be sharp and the interfacial tension γ corresponding to the planar orientation of rods at the interface is given by
where w is the energetic part of the surface energy and s > 0 is the entropic part (here T is temperature in energetic units). According to the definition (1), if a rod penetrates into the polymer melt its free energy loss is approximately equal to
Therefore, the free energy of the isotropic phase with a small amount of rigid rods is given by
Here we omitted the interaction between the rods. V is the volume of the system. In (3) the first two terms represent the translational entropy of the rods and coils. The coils can also penetrate into the nematic phase. In order to write the free energy of the nematic phase with a small amount of coils we introduce the chemical potential of the coil in the nematic phase µ c which includes both energetic and entropic contributions. Further on we consider the limit µ c /T → ∞
for arbitrary T . This means that the coils practically do not penetrate into the nematic phase. Excluded-volume interaction in the rod-rich phase results in almost perfect alignment of the rods. The free energy of the nematic phase contains also a term connected with orientational ordering of rods. It can be estimated [22, 23] as T ln(4π/Ω), where Ω is the characteristic fluctuation angle, Ω 2π(d/L) 2 . Thus, the free energy is
